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(54) Title: METHODS FOR INDUCING ANTIGEN-SPECIFIC T CELL TOLERANCE 
(57) Abstract 

Methods for inducing antigen-specific T cell tolerance are disclosed. The methods involve contacting a T cell with: 1) a cell which 
presents antigen to the T cell, wherein a ligand on the cell interacts with a receptor on the surface of the T cell which mediates contact- 
dependent helper effector function; and 2) an antagonist of the receptor on the surface of the T cell which inhibits interaction of the ligand 
on the antigen presenting cell with the receptor on the T cell. In a preferred embodiment, die cell which presents antigen to the T cell is 
a B cell and the receptor on die surface of the T cell which mediates contact-dependent helper effector function is gp39. Preferably, the 
antagonist is an anti-gp39 antibody or a soluble gp39 ligand (e.g., soluble CD40). The methods of the invention can be used to induce T 
cell tolerance to a soluble antigen or to an allogeneic cell. The methods of the invention can also be used to induce tolerance in cases of 
bone marrow transplantation and other organ transplants and to inhibit graft-versus-host disease. 
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1 

METHODS FOR INDUCING ANTIGEN-SPECIFIC 
T CELL TOLERANCE 



Background of the Invention 

5 To induce antigen-specific T cell activation and clonal expansion, two signals 

provided by antigen-presenting cells (APCs) must be delivered to the surface of resting T 
lymphocytes (Jenkins, M. and Schwartz, R. (1987) J. Exp. Med. 165, 302-319; Mueller, D.L., 
et al. (1990) J. Immunol. 144, 3701-3709; Williams, I.R. and Unanue, E.R. (1990) J. 
Immunol. 145, 85-93). The first signal, which confers specificity to the immune response, is 

10 mediated via the T cell receptor (TCR) following recognition of foreign antigenic peptide 
presented in the context of the major histocompatibility complex (MHC). The second signal, 
termed costimulation, induces T cells to proliferate and become functional (Schwartz, R.H. 
(1990) Science 248, 1349-1356). Costimulation is neither antigen-specific, nor MHC 
restricted and is thought to be provided by one or more distinct cell surface molecules 

15 expressed by APCs (Jenkins, M.K., et al. (1988) J. Immunol. 140, 3324-3330; Linsley, P.S., 
et al. (1991) J. Exp. Med. 173, 721-730; Gimmi, CD., et al., (1991) Proc. Natl. Acad. Sci. 
USA. 88, 6575-6579; Young, J.W., et al. (1992) J. Clin. Invest. 90, 229-237; Koulova, L., et 
al. (1991) J. Exp. Med. 173, 759-762; Reiser, H., et al. (1992) Proc. Natl. Acad. Sci. USA. 89, 
271-275; van-Seventer, G.A., et al. (1990) J. Immunol. 144, 4579-4586; LaSalle, J.M., et al., 

20 (1991) J. Immunol. 147, 774-80; Dustin, M.I., et al., (1989) J. Exp. Med. 169, 503; Armitage, 
R.J., et al. (1992) Nature 357, 80-82; Liu, Y., et al. (1992) J. Exp. Med. 175, 437-445). One 
costimulatory pathway involved in T cell activation involves the molecule CD28 on the 
surface of T cells. This molecule can receive a costimulatory signal delivered by a ligand on 
B cells or other APCs. Ligands for CD28 include members of the B7 family of B 

25 lymphocyte activation antigens, such as B7-1 and/or B7-2 (Freedman, A.S. et al. (1987) J. 

Immunol. 137, 3260-3267; Freeman, G.J. et al. (1989) J. Immunol. 143, 2714-2722; Freeman, 
G.J. et al. (1991) J. Exp. Med. 174, 625-631; Freeman, G.J. et al. (1993) Science 262, 909- 
911; Azuma, M. et al. (1993) Nature 366, 76-79; Freeman, G.J. et al. (1993) J. Exp. Med. 
178, 2185-2192). B7-1 and B7-2 are also ligands for another molecule, CTLA4, present on 

30 the surface of activated T cells, although the role of CTLA4 in costimulation is unclear. 

Delivery of an antigen-specific signal with a costimulatory signal to a T cell leads to 
T cell activation, which can include both T cell proliferation and cytokine secretion. In 
contrast, delivery of an antigen-specific signal to a T cell in the absence of a costimulatory 
signal is thought to induce a state of unresponsiveness or anergy in the T cell, thereby 

35 inducing antigen-specific tolerance in the T cell. 

Interactions between T cells and B cells play a central role in immune responses. 
Induction of humoral immunity to thymus-dependent antigens requires "help" provided by T 
helper (hereafter Th) cells. While some help provided to B lymphocytes is mediated by 
soluble molecules released by Th cells (for instance lymphokines such as IL-4 and IL-5), 
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activation of B cells also requires a contact-dependent interaction between B cells and Th 
cells. Hirohata et al., J. Immunol, 140:3736-3744 (1988); Bartlett et al., J. Immunol, 
143:1745-1754 (1989). This indicates that B cell activation involves an obligatory 
interaction between cell surface molecules on B cells and Th cells. The molecule(s) on the T 
5 cell therefore mediates contact-dependent helper effector functions of T cells. A contact- 
dependent interaction between molecules on B cells and T cells is further supported by the 
observation that isolated plasma membranes of activated T cells can provide helper functions 
necessary for B cell activation. Brian, Proc. Natl Acad. Set USA, 85:564-568 (1988); 
Hodgkin et al., J. Immunol, 145:2025-2034 (1990); Noelle et al., J. Immunol, 146:1 1 18- 

10 1124(1991). ■ 

A molecule, CD40, has been identified on the surface of immature and mature B 
lymphocytes which, when crosslinked by antibodies, induces B cell proliferation. Valle et 
al., Eur. J. Immunol, 19:1463-1467 (1989); Gordon et al., J. Immunol., 140:1425-1430 
(1988); Gruber et al., J. Immunol, 142: 4144-4152 (1989). CD40 has been molecularly 

1 5 cloned and characterized. Stamenkovic et al, EMBO J., 8:1403-1410 (1 989). A ligand for 
CD40, gp39 (also called CD40 ligand or CD40L) has also been molecularly cloned and 
characterized. Armitage et al., Nature, 357:80-82 (1992); Lederman et al., J. Exp. Med., 
175:1091-1101 (1992);Hollenbaughetal.,£M£0J., 11:4313-4319(1992). The gp39 
protein is expressed on activated, but not resting, CD4 + Th cells. Spriggs et al., J. Exp. Med. , 

20 176:1543-1550 (1992); Lane et al., Eur. J. Immunol, 22:2573-2578 (1992); Roy et al., J. 
Immunol, 151:1-14 (1993). Cells transfected with the gp39 gene and expressing the gp39 
protein on their surface can trigger B cell proliferation and, together with other stimulatory 
signals, can induce antibody production. Armitage et al., Nature, 357:80-82 (1992); 
Hollenbaugh et al., EMBO J., 11 :43 1 3-43 1 9 (1 992). 

25 

Swqmgry of the Invention 

Cell-surface molecules which mediate contact-dependent helper effector functions of 
T cells are important for inducing immune responses which require T cell help. For example, 
the interaction of gp39 on T cells with CD40 on B cells plays a central role in activating B 

30 cell responses to antigens. The current invention is based, at least in part, on the discovery 
that cell-surface molecules which mediate contact-dependent helper effector functions also 
play a critical role in the response of T cells to antigens. In particular, it has been discovered 
that, under appropriate conditions, interference of an interaction between gp39 on a T cell and 
a ligand on a cell which is presenting antigen to the T cell can induce antigen-specific T cell 

35 tolerance. Accordingly, the cell which presents antigen to the T cell requires an interaction 
between a gp39 ligand (e.g., CD40) on the cell and gp39 on the T cell to be able to provide 
signals necessary for activation of the T cell. Inhibition of the interaction between the gp39 
ligand and gp39 prevents T cell activation and rather induces antigen-specific T cell 
tolerance. 
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The methods of the invention pertain to induction of antigen-specific T cell tolerance. 
The methods involve contacting a T cell with: 1) a cell which presents antigen to the T cell 
and has a ligand on the cell surface which interacts with a receptor on the surface of the T cell 
which mediates contact-dependent helper effector functions; and 2) an antagonist of the 
5 receptor on the surface of a T cell which mediates contact-dependent helper effector 

functions. The antagonist inhibits the interaction of the receptor with it's ligand. A T cell can 
be contacted with the cell which presents antigen and the antagonist in vitro, or alternatively, 
the cell and the antagonist can be administered to a subject to induce T cell tolerance in vivo. 
In a preferred embodiment, the receptor on the surface of the T cell which mediates 

1 0 contact-dependent helper effector functions is gp39. In this embodiment, the antagonist is a 
molecule which inhibits the interaction of gp39 with its ligand on a cell which presents 
antigen to the T cell. A particularly preferred gp39 antagonist is an anti-gp39 antibody. 
Alternatively, the gp39 antagonist is a soluble form of a gp39 ligand, for example soluble 
CD40. The cell which presents antigen to a T cell is preferably a B cell. The B cell can be a 

1 5 small, resting B cell. To induce T cell tolerance to a soluble antigen, the B cell can be 

contacted with the antigen prior to contact with the T cell (e.g., prior to administration to a 
subject). In another embodiment, to induce T cell tolerance to alloantigens, the cell which is 
used to present antigen to the T cell is an allogeneic cell. The allogeneic cell can be, for 
example, an allogeneic B cell, allogeneic bone marrow, allogeneic spleen cells or allogeneic 

20 cells in peripheral blood. 

The methods of the current invention can be used, for example, to induce T cell 
tolerance to a soluble antigen, to induce T cell tolerance a bone marrow transplant or other 
organ transplant or to inhibit graft- versus-host disease in bone marrow transplantation. In the 
case of bone marrow transplantation, the transplanted bone marrow cells themselves serve as 

25 cells which present antigen to the T cell in the method of the invention. Accordingly, in one 
embodiment of the invention, acceptance of a bone marrow transplant is promoted by 
administering to a subject allogeneic bone marrow in conjunction with a gp39 antagonist 
(e.g., an anti-gp39 antibody). 

This invention further pertains to anti-human gp39 monoclonal antibodies capable of 

30 inhibiting B cell proliferation, B cell differentiation and T cell responses and to 

pharmacuetical compositions comprising such antibodies. Anti-human gp39 monoclonal 
antibodies of the invention are preferred for use in modulating immune responses in general, 
and particularly for use in inducing antigen-specific T cell tolerance. Preferred antibodies 
include monoclonal antibodies 3E4, 2H5, 2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89- 

35 79, described in Example 6. Particularly preferred antibodies are monoclonal antibodies 89- 
76 and 24-31. The 89-76 and 24-31 hybridomas, producing the 89-76 and 24-31 antibodies, 
respectively, were deposited under the provisions of the Budapest Treaty with the American 
Type Culture Collection, Parklawn Drive, Rockville, Md., on September 2, 1994. The 89-76 
hybridoma was assigned ATCC Accession Number and the 24-3 1 hybridoma was 
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assigned ATCC Accession Number . The 24-3 1 and 89-76 antibodies are of the IgGl 

isotype. 

Accordingly, in one embodiment, the invention provides an anti-human gp39 
monoclonal antibody (mAb) of an IgGl isotype. The anti-human gp39 mAb of the invention 
5 can inhibit B cell proliferation in a standard in vitro assay, for example, B cell proliferation 
induced by treatment of the B cells with interleukin-4 and soluble gp39. Preferably, the anti- 
human gp39 antibody inhibits B cell proliferation with an IC50 (i.e., concentration necessary 
to inhibit proliferation by 50%) between about 0.01 and 5.0 ng/ml, more preferably between 
about 0.1 and 2.5 ng/ml, and even more preferably between about 0.1 and 1.25 |J.g/ml. The 

10 anti-human gp39 mAbs of the invention can also inhibit B cell production of IgG, IgM and/or 
IgA in a standard in vitro assay, for example, Ig production induced by culturing of B cells 
with activated T cells (e.g., T cells activated by treatment with anti-CD3 antibody). 
Preferably, the anti-human gp39 antibody inhibits B cell production of IgG, IgM and/or IgA 
with an IC50 between about 0.01 and 1.0 |ig/ml or, more preferably, between about 0.01 and 

15 0.1 ug/ml. 

In a preferred embodiment, the anti-human gp39 mAb of the invention binds an 
epitope recognized by a monoclonal antibody selected from a group consisting of 3E4, 2H5, 
2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79. More preferably, the anti-human gp39 
mAb binds an epitope recognized by monoclonal antibody 24-31 or monoclonal antibody 89- 

20 76. The ability of an mAb to bind an epitope recognized by any of the aforementioned 
antibodies can be determined by standard cross-competition assays. For example, an 
antibody that binds the same epitope recognized by mAb 24-3 1 will compete for the binding 
of labeled 24-31 to activated T cells, whereas an antibody that binds a different epitope than 
that recognized by mAb 24-31 will not compete for the binding of labeled 24-31 to activated 

25 T cells. 

The invention also provides pharmaceutical compositions of the anti-human gp39 
antibodies of the invention. These compositions typically comprise an anti-human gp39 mAb 
(e.g., preferably 24-31 or 89-76) and a pharmaceutically acceptable carrier. 

Yet another aspect of the invention pertains to nucleic acid encoding an anti-human 

30 gp39 mAb (e.g., DNA encoding an immunoglobulin heavy chain or light chain, or portion 
thereof, of an anti-human gp39 mAb). Such nucleic acid can be isolated from a cell (e.g., 
hybridoma) producing an anti-human gp39 mAb by standard techniques. For example, 
nucleic acid encoding the 24-3 1 or 89-76 mAb can be isolated from the 24-3 1 or 89-76 
hybridoma, respectively, by cDNA library screening, PCR amplification or other standard 

35 technique. Nucleic acid encoding an anti-human gp39 mAb chain can be manipulated by 
standard recombinant DNA techniques to produce recombinant anti-human gp39 mAbs, for 
example, chimeric or humanized anti-human gp39 mAbs. 
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Moreover, nucleic acid encoding an anti-human gp39 mAb can be incorporated into 
an expression vector and introduced into a host cell to facilitate expression and production of 
recombinant forms of anti-human gp39 antibodies. 

5 Brief Description of the Drawings 

Figure 1 is a graphic representation of T cell tolerance to a protein antigen induced by 
in vivo anti-gp39 treatment. T cells responses were measured in vitro upon challenge with an 
antigen which previously was administered in vivo on antigen-pulsed B cells either with or 
without an anti-gp39 antibody. 
1 0 Figure. 2 is a graphic representation of T cell tolerance to allogeneic B cells induced 

by in vivo anti-gp39 treatment. T cells responses were measured in vitro upon challenge with 
allogeneic B cells which previously were administered in vivo either with or without an anti- 
gp39 antibody. 

Figure 3A is a graphic representation of the inhibition of primary allogeneic CTL 
1 5 responses induced by allogeneic B cells when recipient animals are treated with anti-gp39 
antibody. Groups represented are untreated mice (■), anti-gp39 treated mice (A) and spleen 
cells from unprimed Balb/c mice (•; used as negative control effector cells). 

Figures SB and 3C are graphic representations of the inhibition of primary allogeneic 
CTL responses induced by LPS-treated B cell blasts when recipient animals are treated with 
20 anti-gp39 antibody. Panels B and C represent two independent experiments. Groups 

represented are LPS blasts in vivo without treatment (*), LPS blasts in vivo with anti-gp39 
treatment (•), resting B cells in vivo without treatment (O) and resting B cells in vivo with 
anti-gp39 treatment (□). 

Figure 4 A is a graphic representation of the inhibition of secondary allogeneic CTL 
25 responses induced by allogeneic B cells when recipient animals are treated with anti-gp39 
antibody. Effector groups shown are: HIg treated recipients (•), naive Balb/c (►) and anti- 
gp39 treated recipients (■). Corresponding syngeneic response (Balb/c cells stimulated with 
Balb/c cells) are indicated by open symbols. 

Figure 4B is a graphic representation of the specificity of inhibition of allogeneic 
30 CTL responses by anti-gp39 treatment. Shown are CTL responses against H-2^ targets by 
naive Balb/c cells (O) or by cells tolerized to H-2^ by administration of H-2' 5 haplotype B 
cells and anti-gp39 (■). 

Figure 5 is a bar graph depicting the number of splenocytes in a host which has 
received a bone marrow transplant at various times after transfer of the bone marrow to the 
35 host either with or without treatment with an anti-gp39 antibody. 

Figure 6A is a graphic representation of the concentration of IgA produced by splenic 
B cells in vitro after removal from mice which received a bone marrow transplant either with 
or without in vivo anti-gp39 treatment. Splenic B cells were removed and antibody 
production measured either 7 or 14 days after bone marrow transplantation. 
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Figure 6B is a graphic representation of the concentration of IgGl produced by 
splenic B cells in vitro after removal from mice which received a bone marrow transplant 
either with or without in vivo anti-gp39 treatment. Splenic B cells were removed and 
antibody production measured either 7 or 14 days after bone marrow transplantation. 
5 Figure 7 A is a graphic representation of the serum IgE concentrations in mice which 

received a bone marrow transplant either with or without in vivo anti-gp39 treatment at 
various times after bone marrow transfer. 

Figure 7B is a graphic representation of the serum anti-DNA antibody concentrations 
in mice which received a bone marrow transplant either with or without in vivo anti-gp39 
1 0 treatment at various times after bone marrow transfer. 

Figures 8A and 8B are graphic representations depicting the cytolytic activity in vitro 
of cytotoxic T cells from mice which received a bone marrow transplant either with or 
without in vivo anti-gp39 treatment at different effector to target cell ratios (E:T ratio). 
Panels A and B represent two independent experiments. 
1 5 Figures 9 A, 9B and 9C are flow cytometic profiles depicting the staining of 6 hour 

activated human peripheral blood lymphocytes with either CD40Ig (panel A), mAb 4D9-8 
(panel B) or mAb 4D9-9 (panel C). 

Figures 1 OA, 10B and 10C are flow cytometic profiles depicting the staining of 6 hour 
activated human peripheral blood lymphocytes cultured in the presence of cycloporin A 
20 stained with either mAb 4D9-8 (panel A), mAb 4D9-9 (panel B) or CD40Ig (panel C). 

Figures 11 A and 11B are flow cytometric profiles depicting the staining of 6 hour 
activated human peripheral blood lymphocytes with CD40Ig in the presence of unlabeled 
mAb 4D9-8 (panel A) or unlabeled mAb 4D9-9 (panel B). 

Figure 12 is a graphic representation of the inhibition of human B cell proliferation 
25 induced by soluble gp39 and IL-4 when cells are cultured in the presence of anti-human gp39 
mAbs 4D9-8, 4D9-9, 24-31, 24-43, 89-76 or 89-79. 

Figure 13 is a graphic representation of the inhibition of an allo-specific mixed 
lymphocyte response when cells are cultured in the presence of anti-human gp39 mAbs 24-3 1 
or 89-79. 

30 

Periled Description of the Inveptfon 

This invention features methods for inducing antigen-specific T cell tolerance. The 
methods involve contacting a T cell with 1) a cell which presents antigen to the T cell and has 
a ligand on the cell surface that interacts with a receptor on the surface of the T cell which 
35 mediates contact dependent helper effector functions, and 2) an antagonist of the receptor on 
the T cell which inhibits interaction of the receptor an the ligand. As defined herein, a 
molecule or receptor which mediates contact dependent helper effector functions is one 
which is expressed on a Th cell and interacts with a ligand on an effector cell (e.g., a B cell), 
wherein the interaction of the receptor with its ligand is necessary for generation of an 
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effector cell response (e.g., B cell activation). In addition to being involved in effector cell 
responses, it has now been found that such a molecule is involved in the response of the T 
cell to antigen. 

A preferred molecule on a T cell which mediates contact-dependent helper effector 
5 function is gp39. Accordingly, in preferred embodiments, the methods of the invention 
involve contacting a T cell with a cell which presents antigen and a gp39 antagonist. 
Accordingly, the cell used to present antigen is one which interacts with gp39 on the surface 
of a T cell to activate the T cell (i.e. deliver the necessary signals for T cell activation to the T 
cell). For example, the cell can be a B cell which expresses CD40 and presents antigen to the 

10 T cell. By inhibiting an interaction between a gp39 ligand on the cell presenting antigen with 
gp39 on the T cell, the T cell is not activated by the presented antigen but rather becomes 
tolerized to the antigen. 

The methods of the invention can be used to induce T cell tolerance to an antigen in 
vivo. For example, a cell which presents antigen to a T cell can be administered to a subject 

1 5 in conjunction with an antagonist of a receptor expressed on the T cell which mediates 
contact dependent helper effector function (e.g. a gp39 antagonist). The methods of the 
invention can further be used to tolerize a T cell to an antigen in vitro by contacting the T cell 
in vitro with a cell which presents antigen to the T cell together with an antagonist of a 
receptor expressed on the T cell which mediates contact dependent helper effector function 

20 (e.g. a gp39 antagonist). T cells tolerized in vitro can then be administered to a subject. The 
methods of the invention can be used to tolerize T cells in a subject to a specific antigen, or to 
transplanted cells, such as allogeneic bone marrow (e.g., in bone marrow transplantation). 
The methods of the invention are also useful for inhibiting graft versus host disease in bone 
marrow transplantation. 

25 Various aspects of the invention are described in further detail in the following 

subsections. 

I. gp39 Antagonists 

According to the methods of the invention, a gp39 antagonist is contacted with a T 
30 cell (e.g. administered to a subject) to interfere with the interaction of gp39 on a T cell with a 
gp39 ligand on an antigen presenting cell, such as a B cell. A gp39 antagonist is defined as a 
molecule which interferes with this interaction. The gp39 antagonist can be an antibody 
directed against gp39 (e.g., a monoclonal antibody against gp39), a fragment or derivative of 
an antibody directed against gp39 (e.g., Fab or F(ab)'2 fragments, chimeric antibodies or 
35 humanized antibodies), soluble forms of a gp39 ligand (e.g., soluble CD40), soluble forms of 
a fusion protein of a gp39 ligand (e.g., soluble CD40Ig), or pharmaceutical agents which 
disrupt or interfere with the gp39-CD40 interaction. 
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A. Antibodies 

A mammal, (e.g., a mouse, hamster, or rabbit) can be immunized with an 
immunogenic form of gp39 protein or protein fragment (e.g., peptide fragment) which elicits 
an antibody response in the mammal. A cell which expresses gp39 on its surface can also be 
5 used as the immunogen. Alternative immunogens include purified gp39 protein or protein 
fragments. gp39 can be purified from a gp39-expressing cell by standard purification 
techniques; gp39 cDNA (Armitage et al., Nature, 357:80-82 (1992); Lederman et al., J. Exp. 
Med., 175:1091-1101 (1992);Hollenbaughetal.,£M£0J., 11:4313-4319(1992)) can be 
expressed in a host cell, e.g., bacteria or a mammalian cell line, and gp39 protein purified 

1 0 from the cell culture by standard techniques. gp39 peptides can be synthesized based upon 
the amino acid sequence of gp39 (disclosed in Armitage et al.. Nature, 357:80-82 (1992); 
Lederman et al., J. Exp. Med., 175:1091-1101 (1992); Hollenbaugh et al., EMBOJ., 11:4313- 
43 1 9 (1 992)) using known techniques (e.g. F-moc or T-boc chemical synthesis). Techniques 
for conferring immunogenicity on a protein include conjugation to carriers or other 

1 5 techniques well known in the art. For example, the protein can be administered in the 
presence of adjuvant. The progress of immunization can be monitored by detection of 
antibody titers in plasma or serum. Standard ELISA or other immunoassay can be used with 
the immunogen as antigen to assess the levels of antibodies. 

Following immunization, antisera can be obtained and, if desired, polyclonal 

20 antibodies isolated from the sera. To produce monoclonal antibodies, antibody producing 
cells (lymphocytes) can be harvested from an immunized animal and fused with myeloma 
cells by standard somatic cell fusion procedures thus immortalizing these cells and yielding 
hybridoma cells. Such techniques are well known in the art. For example, the hybridoma 
technique originally developed by Kohler and Milstein {Nature (1975) 256:495-497) as well 

25 as other techniques such as the human B-cell hybridoma technique (Kozbar et al., Immunol. 
Today (1983) 4:72), the EBV-hybridoma technique to produce human monoclonal antibodies 
(Cole et al. Monoclonal Antibodies in Cancer Therapy (1985) (Allen R. Bliss, Inc., pages 77- 
96), and screening of combinatorial antibody libraries (Huse et al, Science (1989) 246:1275). 
Hybridoma cells can be screened immunochemically for production of antibodies specifically 

30 reactive with the protein or peptide and monoclonal antibodies isolated. 

The term antibody as used herein is intended to include fragments thereof which are 
specifically reactive with a gp39 protein or peptide thereof or gp39 fusion protein. 
Antibodies can be fragmented using conventional techniques and the fragments screened for 
utility in the same manner as described above for whole antibodies. For example, F(ab')2 

35 fragments can be generated by treating antibody with pepsin. The resulting F(ab')2 fragment 
can be treated to reduce disulfide bridges to produce Fab' fragments. The antibody of the 
present invention is further intended to include bispecific and chimeric molecules having an 
anti-gp39 portion. 
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When antibodies produced in non-human subjects are used therapeutically in humans, 
they are recognized to varying degrees as foreign and an immune response may be generated 
in the patient. One approach for minimizing or eliminating this problem, which is preferable 
to general immunosuppression, is to produce chimeric antibody derivatives, i.e.. antibody 
5 molecules that combine a non-human animal variable region and a human constant region. 
Chimeric antibody molecules can include, for example, the antigen binding domain from an 
antibody of a mouse, rat, or other species, with human constant regions. A variety of 
approaches for making chimeric antibodies have been described and can be used to make 
chimeric antibodies containing the immunoglobulin variable region which recognizes gp39. 

10 See, for example, Morrison et al., Proc. Natl. Acad. Set U.S.A. 81:6851 (1985); Takeda et al., 
Nature 314:452 (1985), Cabilly et al., U.S. Patent No. 4,816,567; Boss et al., U.S. Patent No. 
4,816,397; Tanaguchi et al., European Patent Publication EP171496; European Patent 
Publication 0173494, United Kingdom Patent GB 2177096B. It is expected that such 
chimeric antibodies would be less immunogenic in a human subject than the corresponding 

1 5 non-chimeric antibody. 

For human therapeutic purposes the monoclonal or chimeric antibodies specifically 
reactive with a gp39 protein or peptide can be further humanized by producing human 
variable region chimeras, in which parts of the variable regions, especially the conserved 
framework regions of the antigen-binding domain, are of human origin and only the 

20 hypervariable regions are of non-human origin. Such altered immunoglobulin molecules may 
be made by any of several techniques known in the art, (e.g., Teng et al., Proc. Natl. Acad. 
Sci. U.S.A., 80:7308-7312 (1983); Kozbor et al., Immunology Today, 4:7279 (1983); Olsson 
et al., Meth. Enzymol., 92:3-16 (1982)), and are preferably made according to the teachings of 
PCT Publication WO92/06193 or EP 0239400. Humanized antibodies can be commercially 

25 produced by, for example, Scotgen Limited, 2 Holly Road, Twickenham, - Middlesex, Great 
Britain. 

Another method of generating specific antibodies, or antibody fragments, reactive 
against a gp39 protein or peptide is to screen expression libraries encoding immunoglobulin 
genes, or portions thereof, expressed in bacteria with a gp39 protein or peptide. For example, 

30 complete Fab fragments, VH regions and FV regions can be expressed in bacteria using 

phage expression libraries. See for example Ward et al., Nature, 341 : 544-546: (1989); Huse 
et al., Science, 246: 1275-1281 (1989); and McCafferty et al., Nature, 348: 552-554 (1990). 
Screening such libraries with, for example, a gp39 peptide can identify imunoglobin 
fragments reactive with gp39. Alternatively, the SCID-hu mouse (available from Genpharm) 

35 can be used to produce antibodies, or fragments thereof. 

Methodologies for producing monoclonal antibodies directed against gp39, including 
human gp39 and mouse gp39, and suitable monoclonal antibodies for use in the methods of 
the invention, are described in further detail in Example 6. Particularly preferred anti-human 
gp39 antibodies of the invention are mAbs 24-31 and 89-76, produced respectively by 
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hybridomas 24-31 and 89-76. The 89-76 and 24-31 hybridomas, producing the 89-76 and 24- 
3 1 antibodies, respectively, were deposited under the provisions of the Budapest Treaty with 
the American Type Culture Collection, Parklawn Drive, Rockville, Md., on September 2, 

1994. The 89-76 hybridoma was assigned ATCC Accession Number and the 24-31 

5 hybridoma was assigned ATCC Accession Number . 

Recombinant anti-gp39 antibodies, such as chimeric and humanized antibodies, can 
be produced by manipulating nucleic acid (e.g., DNA) encoding an anti-gp39 antibody 
according to standard recombinant DNA techniques. Accordingly, another aspect of this 
invention pertains to isolated nucleic acid molecules encoding immunoglobulin heavy or light 

10 chains, or portions thereof, reactive with gp39, particularly human gp39. The 

immunoglobulin-encoding nucleic acid can encode an immunoglobulin light or heavy chain 
variable region, with or without a linked heavy or light chain constant region (or portion 
thereof). Such nucleic acid can be isolated from a cell (e.g., hybridoma) producing an anti- 
human gp39 mAb by standard techniques. For example, nucleic acid encoding the 24-31 or 

1 5 89-76 mAb can be isolated from the 24-3 1 or 89-76 hybridoma, respectively, by cDNA 

library screening, PCR amplification or other standard technique. Following isolation of. and 
possible further manipulation of, Moreover, nucleic acid encoding an anti-human gp39 mAb 
can be incorporated into an expression vector and introduced into a host cell to facilitate 
expression and production of recombinant forms of anti-human gp39 antibodies. 

20 

B. Soluble Ligands for gp39 

Other gp39 antagonists which can be used to induce T cell tolerance are soluble forms 
of a gp39 ligand. A monovalent soluble ligand of gp39, such as soluble CD40 can bind gp39. 
thereby inhibiting the interaction of gp39 with CD40 on B cells. The term "soluble" indicates 

25 that the ligand is not permanently associated with a cell membrane. A soluble gp39 ligand 
can be prepared by chemical synthesis, or, preferably by recombinant DNA techniques, for 
example by expressing only the extracellular domain (absent the transmembrane and 
cytoplasmic domains) of the ligand. A preferred soluble gp39 ligand is soluble CD40. 
Alternatively, a soluble gp39 ligand can be in the form of a fusion protein. Such a fusion 

30 protein comprises at least a portion of the gp39 ligand attached to a second molecule. For 
example, CD40 can be expressed as a fusion protein with immunoglobulin (i.e., a CD40Ig 
fusion protein). In one embodiment, a fusion protein is produced comprising amino acid 
residues of an extracellular domain portion of the CD40 molecule joined to amino acid 
residues of a sequence corresponding to the hinge, CH2 and CH3 regions of an 

35 immunoglobulin heavy chain, e.g., 

Cyl, to form a CD40Ig fusion protein (see e.g., Linsley et al. (1991) J. Exp. Med. 1783:721- 
730: Capon et al. (1989) Nature 337, 525-531; and Capon U.S. 5,1 16,964). The fusion 
protein can be produced by chemical synthesis, or, preferably by recombinant DNA 
techniques based on the cDNA of CD40 (Stamenkovic et al., EMBOJ., 8:1403-1410 (1989)). 
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II. Cells for Induction of Antigen-Specific Tolerance 

The current invention is based, at least in part, on the discovery that presentation of an 
antigen to a T cell by a cell which both presents antigen and interacts with gp39 results in 
5 antigen-specific T cell tolerance when the antigen is presented to the T cell in the presence of 
a gp39 antagonist. Cells which are capable of inducing T cell tolerance by this mechanism 
include those which present antigen to a T cell and require an interaction between a gp39 
ligand on the cell and gp39 on the T cell to deliver the necessary signals for T cell activation 
to the T cell. Inhibition of this interaction prevents T cell activation by the presented antigen 

1 0 and, rather, induces antigen-specific tolerance in the T cell. Interference with activation of 
the T cell via gp39 may prevent the induction of costimulatory molecules on the antigen 
presenting ceil (e.g., B7 family molecules on an antigen presenting cell such as a B cell) so 
that the antigen presenting cell delivers only an antigenic signal in the absence of a 
costimulatory signal, thus inducing tolerance. 

15 Accordingly, in the methods of the invention, a cell which presents antigen is 

administered to a recipient subject. The phrase "cell which presents antigen" and "antigen 
presenting cell" are used interchangeably herein and are intended to encompass cells which 
can present antigen to T cells of the recipient and includes B lymphocytes, "professional" 
antigen presenting cells (e.g., monocytes, dendritic cells, Langerhan cells) and other cells 

20 which present antigen to immune cells (e.g., keratinocytes, endothelial cells, astrocytes, 
fibroblasts, oligodendrocytes). Furthermore, it is preferable that the antigen presenting cell 
have a reduced capacity to stimulate a costimulatory signal in recipient T cells. For example, 
the antigen presenting cell may lack expression of or express only low levels of costimulatory 
molecules such as the B7 family of proteins (e.g., B7-1 and B7-2). Expression of 

25 costimulatory molecules on potential antigen presenting cells to be used in the method of the 
invention can be assessed by standard techniques, for example by flow cytometry using 
antibodies directed against costimulatory molecules. 

Preferred antigen presenting cells for inducing T cell tolerance are lymphoid cells, for 
example peripheral blood lymphocytes or splenic cells. Preferred lymphoid cells for 

30 inducing T cell tolerance are B cells. B cells can be purified from a mixed population of cells 
(e.g., other cell types in peripheral blood or spleen) by standard cell separation techniques. 
For example, adherent cells can be removed by culturing spleen cells on plastic dishes and 
recovering the non-adherent cell population. T cells can be removed from a mixed 
population of cells by treatment with an anti-T cell antibody (e.g., anti-Thyl.l and/or anti- 

35 Thyl .2) and complement. In one embodiment, resting lymphoid cells, preferably resting B 
cells, are used as the antigen presenting cells. Resting lymphoid cells, such as resting B cells, 
can be isolated by techniques known in the art, for example based upon their small size and 
density. Resting lymphoid cells can be isolated for example by counterfiow centrifugal 
elutriation as described in Tony, H-P. and Parker, D.C. (1985) J. Exp. Med. 161:223-241. 
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